Flow monitoring in Goodwater Creek Experimental Watershed started in 1971 at three nested watersheds ranging from 12 to 73 km 2 . Since then, runoff or stream flow has been measured at 14 plots, three fields, and 12 additional stream sites ranging from 0.0034 to 6067 km 2 in the Central Mississippi River Basin. Longterm data sets are important to document the changes resulting from anthropogenic and natural drivers. The data set presented here documents discharge across a range of catchment sizes in an area known for its high runoff potential. It constitutes the flow database of the Central Mississippi River Basin site of the Long-Term Agricultural Research network. Like the other sites of this network, data are accessible through the STEWARDS web interface (www.nrrig.mwa.ars.usda.gov/stewards/stewards. html). Here we (i) describe the data collection methods, (ii) document the data available at plot, field, and watershed scales, and (iii) provide the main characteristics of discharge. General characteristics of discharge per unit area for different cropping system management systems show that in this claypan soil setting, management and tillage of row crop systems do not affect surface flow during the growing season (April-October). Data from fields and stream sites show the dampening of peak flow values and lengthening of storm hydrographs caused by mixed land uses and longer times of concentration. Overall, stream flow accounts for a third of the precipitation, of which 80% is from surface runoff and 20% is from groundwater.
Long-Term Agroecosystem Research in the Central Mississippi River Basin: Goodwater Creek Experimental Watershed Flow Data
Claire Baffaut,* E. John Sadler, and Fessehaie Ghidey S tream flow is affected by short-and long-term, natural (droughts or floods) and anthropogenic (land use and land cover changes, water withdrawals) factors. Increasing strain is being put on water resources, including more frequent droughts and floods, decreasing water quality, and increasing withdrawals for human consumption and agriculture. Correspondingly, there is a need for continued hydrologic studies in many regions of the world to improve our understanding of the hydrologic cycle and the impact of the different stressors (Gordon et al., 2008) . Hydrologic data in particular are critical. One original intention behind setting up agricultural research watersheds was to collect data that could be used to "guide development and verification of a watershed model" (Saxton, 1970) . Modeling was the means envisioned to organize the current knowledge of the systems being studied, test new knowledge, and better understand the interactions that exist among the different components of the hydrologic cycle (Saxton, 1970) . Measured data were needed to confirm or disprove estimates of the hydrologic cycle components and to demonstrate that models accurately simulate the system they represent. Short-term data sets can fill some of these demands, but in spite of their high cost and the commitment of the collection agency, long-term data sets are also needed. Sadler et al. (2015a) discussed these needs with regard to the detection of gradual trends, extreme events, and feedback mechanisms (Moran et al., 2008) , the generalization of results from shortterm studies, or for something as simple as calculating a longterm annual average (Baffaut et al., 1996) .
Stream flow data collections in the Central Mississippi River Basin (CMRB) site of the Long-Term Agricultural Research (LTAR) network started in 1971 in the Goodwater Creek Experimental Watershed (GCEW) with the purpose of documenting and understanding hydrology in runoff-prone claypan soils and collecting data to be used for the development and verification of hydrologic models. The GCEW is located in the southwestern headwaters of the 6400-km 2 Salt River Basin in northeastern Missouri, which drains to the Mark Twain Lake (MTL), a 7500-ha reservoir that has become the major regional public water supply (Fig. 1) . Topography within the GCEW is flat to gently rolling, with most areas having 0 to 3% slopes. Wisconsinan and Illinoian loess overlying pre-Illinoian glacial till have formed GCEW soils. Illuviation of the highclay-content loess resulted in the formation of argillic horizons containing 40 to 60% smectitic clays. The depth to the argillic horizon is deeper (?60 cm) in the flatter upland areas. Erosion on the steeper (1-3%) sideslopes resulted in depths to clay often <15 cm. The argillic horizon is not present within alluvial areas immediately adjacent to streams. Land use is primarily agricultural, with soybean [Glycine max (L.) Merr.], corn (Zea mays L.), and sorghum [Sorghum bicolor (L.) Moench.] being the major crops. Sadler et al. (2015b) described some long-term statistics of average and extreme temperature and precipitation in the GCEW. Annual average temperature is 12.0°C, ranging from −2.7°C in January to 25.0°C in July. Average annual precipitation is 1019 mm, with 34% from April to June, 30% from July to September, 20% from October to December, and only 16% from January to March.
Three weirs were installed on the main stream branch of the GCEW (Fig. 1) . In 1991, when water quality monitoring was incorporated in the research program, flow monitoring was expanded to measure runoff from agricultural plots and fields in the watershed. More recently, in 2005, monitoring sites were established in the MTL watershed to extend results to a regional scale and fully characterize the discharge into MTL (Fig. 1) . The length of record of the oldest monitoring gauge currently exceeds 40 yr, from 1971 to 2013.
Originally, the GCEW was part of a set of watersheds used to collect data in the Corn Belt region (Saxton, 1970) including five small watersheds near Treynor, IA (Karlen et al., 1999; Kramer et al., 1999) , the three Ralston Creek watersheds near Iowa City, IA (Mavis and Soucek, 1936) , and the Midwest Claypan Experimental McCredie Farm near Kingdom City, MO ( Jamison et al., 1968) . The Iowa watersheds were established to collect data for a deep loess soil setting, while the McCredie Farm provided data associated with shallow claypan soils. In Iowa, the combination of the Treynor and Ralston watersheds provided a range of catchment sizes that covered all hydrologic processes, from upland processes such as evapotranspiration and surface runoff generation to stream transport processes such as flood propagation and groundwater contributions. As urbanization in the Ralston watersheds progressively increased, they were no longer suitable for agricultural purposes, and the Walnut Creek watershed was established (Hatfield et al., 1999) . In Missouri, McCredie Farm featured a set of experimental plots and field-size watersheds that were suitable for the study of upland processes in a runoff-prone environment caused by claypan soils, but a larger watershed located in a claypan soil setting was needed. The three stream weirs of the GCEW were established to collect data that would be representative of well-defined channels in three nested watersheds. Early on, Saxton (1970) had a vision for a heavily instrumented field-size watershed within the headwaters of the GCEW to document the upland landscape processes. The vision was realized in 1991 with the instrumentation of three fields and the creation of the large experimental plots. This research infrastructure now finds its place in the LTAR network . Within that network, the need to collect hydrologic data still exists to further develop hydrologic models and to provide context for the study of the drivers and impacts of agricultural production.
The equipment and data acquisition protocols used at each GCEW site varied according to the characteristics of these sites. These systems have also changed with time as new technologies and equipment have become available. A thorough description of the data acquisition systems and protocols is necessary for correct interpretation of the data, adequate use of the data, and estimates of the uncertainty associated with these data. Users must understand how the data were collected to assess the extent to which these flow data are comparable to those from other databases, whether from other watersheds or collected by other organizations. While daily data are available from the Sustaining the Earth's Watersheds-Agricultural Research Data System (STEWARDS) website, additional data at smaller time steps are available by request.
Some of these data and data acquisition systems have been described in the literature, albeit in a scattered and incomplete manner. Ghidey et al. (2005 Ghidey et al. ( , 2010 used plot-and field-scale data to evaluate cropping system effects on flow and herbicide transport. Stream flow data have been used to develop pollutant exports for various catchment sizes (Baffaut et al., 2013; Lerch et al., , 2015b , which then have been used to assess temporal trends in water quality (Lerch et al., 2011b; O'Donnell, 2012; Sadler et al., 2012) and the effects of land use (Lerch et al., 2011a) on herbicide and nutrient transport. Modeling efforts included parameterization of the Root Zone Water Quality Model (RZWQM) (Ghidey et al., 1999) , the Soil and Water Assessment Tool (SWAT) (Baffaut et al., 2015) , and the Agricultural Policy/ Environmental Extender (APEX) (Mudgal et al., 2012) . These efforts confirmed that correct parameterization of the claypan layer and of the upper soil layers and good representation of the percolation processes in the soil profile are paramount to correctly simulating flows in this setting.
In spite of these studies, to facilitate future collaborative modeling in the GCEW and MTL watershed and comparative studies of pollutant transport across agricultural watersheds, there is a need for a concentrated, complete description of all the discharge data collected in this watershed, along with the methods and equipment used to collect the data. Our objectives were to: (i) describe the data collection methods; (ii) document the data available at plot, field, and watershed scales; and (iii) illustrate the utility of these data.
Data Collection
The drainage areas of the flow monitoring sites in the MTL drainage area range from 0.0034 to 286 km 2 ( Fig. 1 ; . Additionally, the USGS maintains a gauge at the outlet of MTL, which has a total drainage area of 6067 km 2 . Equipment used at each site was selected to accommodate the discharges and the water quality sampling requirements. Supplemental Table S1 lists the infrastructure and equipment installed at each site in the MTL drainage area during different periods and described below.
Plot Flumes
Thirty side-by-side, replicated, randomized 0.34-ha plots were created in 1991 to study productivity and environmental impacts of different cropping systems (Ghidey et al., 2005; Ward et al., 1994) . Physical characteristics and funding constraints precluded instrumenting all of them for flow. Under those constraints and given the emphasis on corn and atrazine [6-chloro-N-ethyl-N¢-(1-methylethyl)-1,3,5-triazine-2,4-diamine] transport at the time, it was decided to monitor two replicates each of the corn phase of three possible cropping systems: mulch-tillage cornsoybean (Cropping System 1 [CS1], four plots), no-till cornsoybean (Cropping System 2 [CS2], four plots), and no-till corn-soybean-wheat with cover crops (Cropping System 5 [CS5], six plots). Thus, 14 plots were monitored for 6 yr, six plots in any 1 yr. Monitoring equipment was installed promptly after planting in spring and removed just before fall harvest. Ghidey et al. (2005) provided details about the berms and plastic-lined trenches built around the plots to prevent cross-plot surface and subsurface runoff, the V-shaped subsurface concrete wall installed at the bottom of the plots to capture subsurface flow, the removable metal sections bolted to the concrete wall to direct all the water toward the flume, and the ASTM-standard Parshall flumes (Culverts and Industrial Supply Co.) with nominal 0.152-m throat used to measure the discharge. Photos shown in Supplemental Fig. S1 to S5 illustrate the different phases of the flumes' construction.
Head was measured by a pressure sensor (Hach, formerly American Sigma, Inc.) every 2 min and directly converted into flow rate using the rating curve equation of the flume. Measurements of the flumes' throats showed that these flumes were 9 mm larger than stated by the manufacturer, which justified an adjustment of the standard 6-inch rating curve equation to: Q = 0.3936H 1.56 , where Q is the discharge (in m 3 /s) and H is the head above the flume crest (in m). This equation was obtained by interpolation of the equation coefficient and exponent in SI units derived from the published values for 6-and 9-inch flumes (U.S. Bureau of Reclamation, 2001, Chapter 8). The conversion of these equations from English to SI systems of units and the derivation are explained in greater detail in Supplemental Section S3. Subsequent measurements of each flume throat showed that the excess width varied, in fact, from 3 to 15 mm, which introduced uncertainty in the measurement. Calculations of rating curves across this range of throat widths enclose that uncertainty to ±6%. In comparison, Harmel et al. (2006) cited 5 to 10% flow measurement errors caused by the state-discharge relationship for a precalibrated control structure (Slade, 2004) and estimated typical errors from 6 to 19% depending on the measurement techniques. Their best-case scenario produced 3% errors, which corresponds to a stable bed and the use of a stilling well. Thus errors of 6% are well within the range of typical errors.
The presence of the wing walls and the Parshall flume itself caused some short-term water retention. Therefore, peak discharge values were attenuated compared with what they would have been without any monitoring equipment. Using 2-min precipitation data collected on site (Sadler et al., 2015b) , hydrographs were estimated with and without the flume and wing walls for three of the largest events recorded. These showed that the delay introduced by the wing walls and the flume did not exceed 60 min. For three of the largest storm events recorded, peak discharge was one-third to one-half of what it would have been without the flume. A consequence of the presence of the flume and the decrease in peak discharge values was sediment deposition above and in the flume, which has been observed even though sediment transport was not assessed during that period. Estimating sediment transport from small replicated plots is known to be fraught with uncertainties that result in large variability from plot to plot (Nearing et al., 1999) .
Field Weirs
The three broad-crested V-notch concrete weirs were constructed at the outlets of privately owned and managed fields. The weir for Field 1 (F1) is 10 m long, with a 1:3 V notch 1 m deep and 6 m wide. In Fields 2 (F2) and 3 (F3), the weirs were 4 m long with a 1:3 V notch 0.45 m deep and 2.75 m wide. While the weir in F1 has never been overtopped since its inception in 1992, the weirs in F2 and F3 were overtopped four and two times, respectively. On either side of these three weirs, berms were built to extend the weir up to the point of same elevation or to the boundary of the field and direct the water toward the weir. While the weir in F2 has been removed after it was taken out of service, those in F1 and F3 are still present and can be clearly seen in aerial photographs. At these three field weirs, water stage was first measured with a Belfort FW-1 (Belfort Instrument Co.) stage recorder in a stilling well located 3 m upstream from the weir notch. In 1993, 3230 ISCO bubbler flow meters (Teledyne Isco) were installed as the main measurement devices, keeping the stage recorder as a backup device. Monitoring equipment was removed from F2 and F3 in 2002. In 2003, the flow meter in F1 was upgraded to an ISCO Model 4230. Data from the Belfort charts are reduced to breakpoint discharge only when needed, e.g., because of a malfunction of the flow meter or datalogger.
The rating curve of triangular weirs is affected by the flow velocity at the measurement point, a function of the crosssectional area at that point. When this velocity cannot be approximated to zero, as was the case at these three weirs, it is recommended that current-meter flow measurements be made to calibrate the rating curve. However, the flashiness of events in these small watersheds prevented making these measurements, and a theoretical calibration was developed using the tables presented by Brakensiek et al. (1979) .
Stream Weirs

Construction and History
The three 5:1 broad-crested V-notch concrete weirs were constructed as part of the hydrologic instrumentation of the GCEW watershed. Each weir was placed near a roadway crossing for easy access. Footbridges were constructed downstream of the weirs in 1976 for conducting stream ratings without being on the road bridges.
Sketches of the weirs and stream cross-sections are provided in the supplemental material (Supplemental Fig. S6 for Weir 9 and Supplemental Fig. S7 for Weir 11). The bottom elevations of the road bridge openings are 3.4 and 2.6 m above the weir notch at Weirs 9 and 11, respectively. Consequently, for stages near and higher than these thresholds, the road bridge obstructs channel flow and causes backwater effects. This happened twice at Weir 11, on 21 June 1981 and 20-21 Feb. 1997 . It never happened at Weir 9 during the monitoring period.
At Weir 1, several modifications of the channel occurred during the period of record, which could have affected the rating curve. In 1976, the stream channel was straightened when the foot bridge was built. In 1986, the one-lane road bridge, on Audrain County Road 221, was rebuilt by the Missouri Department of Transportation. Construction lasted for about 6 mo, from March through October, but did not interrupt the stage monitoring. This new bridge has never been overtopped by stream flow. However, the road north of the bridge is lower than the bridge itself and when the stage becomes higher than 2.04 m, water is out of the bank and overtops the road. It then flows parallel to the stream in a side field and joins the main channel downstream of the stage measurement site. This discharge outside of the main channel was estimated using data collected during the storm of 25 July 2008 (Baffaut et al., 2014) .
Monitoring Equipment
Two Belfort FW-1 stage recorders (Belfort Instrument Co.) installed in stilling wells provided the primary water level measurements from 1972 to 1995. They were installed in tandem: one had a daily clock and the other had a weekly clock for backup purposes. Breakpoint time and stage data from these charts were read and transformed to time and flow rate using the rating curve for the site.
In 1993 
Rating Curve Development
While the weirs gave good control at low flows and provided a theoretical rating curve to be used in that range, an empirical rating curve needed to be established for higher flows. Discharge measurements were undertaken from 1971 to 1986 at each of the three stream weirs, initially from the road bridges, then from the foot bridge installed at each location. A few low-discharge measurements were made by wading into the stream bed. Stream gaging was then suspended until 2006 with the exception of measurements contracted to the USGS between 1990 and 1994. In 2006, stream gaging resumed at Weir 1; the decision was made to conduct the discharge measurements directly from the road bridge because the foot bridge was not safely accessible during floods.
Rating curves were developed from discharge measurements conducted from 1971 to 1986. The number and water level ranges of the measurements performed since 1972 are described in Supplemental Table S2 . Several periods were identified: 1971 to 1976 represents the period before construction of the foot bridges; 1977 to 1986 is the period after the foot bridges were built but before the construction of the new road bridge at Weir 1; 1990 to 1994 represents the period during which the USGS conducted discharge measurements; and 2006 to 2011 is the period of the most recent measurements.
Historically, rating curves have been proposed for the different weirs using cubic spline functions as an alternative to linear interpolation between the measurements points. At Weir 1, Rating Curve 8 was finalized in 1986 and was based on all the measurements from 1971 to 1986. Following the 2006 to 2011 measurements at Weir 1 that resulted in discharge values at high stage that were on average 30% below that indicated by Rating Curve 8, a retrospective analysis of the rating curves at each weir was conducted in 2011 and new curves were proposed. Analysis of Rating Curve 8 and development of new rating curves were described in detail by Baffaut et al. (2014) .
Stream Flow Gauges in the Mark Twain Lake Drainage Area
Stations and Monitoring Equipment
In the Mark Twain Lake drainage area, 12 stream flow gauges represent a combination of eight USGS gauges and four ARS gauges (Fig. 1) . The USGS daily data have been downloaded every year since 2005 and incorporated into our data for the purpose of documenting discharge in these watersheds. Subdaily data were also obtained from the USGS starting in 2005 to calculate pollutant transport.
The four ARS stations were equipped with Sigma 900MAX autosamplers (Hach), with a pressure transducer to measure the height of the water column. Because the sensor requires abovefreezing temperatures to work properly, the samplers were removed from the sites from late November to the beginning of 
Rating Curves of the Four USDA-ARS Stream Flow Stations
The Young's Creek stream flow monitoring station was a former USGS station, active from 1936 to 1969 and again in 1981 and 1982, for which a rating curve already existed (Lerch et al., 2008) . Additional measurements conducted between 2005 and 2010 showed errors ranging from 4 to 26% between the actual measured value and that estimated from the rating curve (Supplemental Table S3 ), which is a greater than usual and unacceptable uncertainty for discharge values (Harmel et al., 2006) . Thus, a retrospective analysis of the discharge values and potential new measurements are needed to assess and reduce this uncertainty. The rating curves for Black Creek and Otter Creek were derived from measurements conducted in 2007, 2008, and 2009 . The rating curve at Upper Long Creek needs to be revised and the corresponding stream flow data are not yet available.
Data Description and Methods
Data Availability
For all the GCEW sites, i.e., plots, fields, and stream weirs, and for the Young's Creek, Black Creek, and Otter Creek gauging station in the MTL watershed, daily flow volumes are available from the STEWARDS (www.nrrig.mwa.ars.usda. gov/stewards/stewards.html) (Steiner et al., 2008) . For further details, the flow metadata and a navigation aid for STEWARDS are presented in the supplemental material. All data available through STEWARDS are in the public domain and are not restricted by copyright. Sub-daily stage and discharge data are also available on request at the 5-or 15-min time step.
Daily stream flow data for the USGS sites can be found on the USGS National Water Information System for Missouri (http://waterdata.usgs.gov/mo/nwis/). For ease of use, the data corresponding to the monitoring periods at these sites were uploaded to STEWARDS.
Data Analysis
This analysis illustrates what can be accomplished with this discharge data set, which encompasses catchments of contrasting sizes and land management. Annual discharge was assessed at each stream site by calculating average, minimum, and maximum annual discharge per unit area for the period of record at the site. In addition, average annual discharge per unit area was calculated for the 1999 to 2008 period for the stream flow gauges active during that period. These included Weir 1 in the GCEW, Crooked Creek, Elk Fork, Lick Creek, Long Branch, and the Middle, North, and South Forks of the Salt River in MTL watershed.
Comparison of discharge among the plot, field, and watershed sites was based on daily discharge per unit area on the days when runoff was measured. The comparison was limited to 1997 to 2001 because this was the common period of monitoring for the plots, the three fields F1 to F3, the GCEW Weir 1, and the Lower Long Branch stream site. Even though 2002 data were available, lack of rain after planting resulted in only one small event being recorded on the plots and that year was not included.
Discharge from the Plots
Discharge from the plots was used to determine whether tillage and grain crop rotation affect runoff. Given the monitoring protocol, the data cover only the corn phase of the rotation during the growing season. Cropping systems on the plots included a mulch tillage corn-soybean system (CS1) and a no-till corn-soybean system (CS2), which were described in detail by Ghidey et al. (2005 Ghidey et al. ( , 2010 , as well as a no-till cornsoybean-wheat cropping system, with winter cover crops and variable rates of fertilizers based on soil tests (CS5). The protocols for these cropping systems are described in the supplemental material. Discharge per unit area during wet days was compared for selected pairs of contrasting sites, taking into account either the tillage (CS1 vs. CS2) or the rotation (CS2 vs. CS5). Discharges per unit area were averaged across the two replicates for each cropping system and for each event. If equipment failure resulted in no data for one of the replicates, data from the other replicate were used. If no data were recorded for any of the replicates during events that should have generated runoff, i.e., measurable discharge was recorded at all other plots, this event was not included in the comparison. Missing events included one event in 1997 for CS1, which represented 5% of that growing season's rainfall, 12 events in 1998 for CS2, which represented 43% of that season's rainfall, and six events for CS5 including one in 1997, one in 2000, and four in 2001, representing 6, 1, and 10% of the respective season's rainfall amounts. Overall, the CS1 vs. CS2 and CS2 vs. CS5 comparisons were based on 36 and 26 events with measurable runoff, respectively. Differences were evaluated using the paired t-test at a 10% significance level. The coefficient of determination, the regression slope, and its 95% confidence interval were calculated.
Discharge from the fields
From 1997 to 2002, the management on F1 and F2 mirrored the CS1 and CS2 cropping systems, respectively (see the supplemental material). Field F3 was managed with a no-till corn-soybean system also in phase with the systems on F1 and F2 but with fertilizer rates based on soil test. Contrary to F2, F3 had been in a no-till system with cover crops before 1997, while F2 was tilled until and including 1996. In addition, F3 had a history of manure applications before 1991 while F2 did not (Kitchen et al., 1997) .
Discharge from the fields was used to assess whether tillage and rotation affect discharge per unit area in catchments of this size and whether catchment size affects discharge per unit area. Discharge per unit area during wet days was compared between contrasting sites: F1 and F2, which differ in tillage but not in rotation, and F2 and F3, which are both no-till systems but differ in fertilizer and herbicide management and have a different management history before 1997. Differences were evaluated using the paired t-test at a 10% significance level separately for the growing and non-growing seasons, defined as May to October and November to April, respectively. Discharge per unit area during wet days was also compared for CS1 and F1, which differ in size but have similar management. Because monitoring on the plots occurred during the growing season, comparisons involving plot data were based on only that period. For each comparison, the coefficient of determination, the regression slope, and its 95% confidence interval were calculated.
Linkage between Discharge from the Field and Watersheds
Comparison of discharge from the fields and the watersheds was based on cumulative discharge per unit area from 1997 to 2001. Cumulative daily discharge per unit area was plotted for F1, F2, F3, Weir 1, and Lower Long Branch for each year from 1997 to 2001. Annual and monthly average discharges per unit area were also calculated.
Results and Discussion
Discharge from the Plots
Daily discharge per unit area from the plots on days with runoff ranged from <1 mm to 99 mm between 1997 and 2002.
Comparison of daily discharge per unit area between cropping systems confirmed the results of Ghidey et al. (2005 Ghidey et al. ( , 2010 , namely that no significant differences were detectable between the runoff from the CS1 (tilled) and CS2 (no-till) plots during the corn phase of the growing season (Table 2 ; Fig. 2a ) and between the CS2 and CS5 plots (no-till with cover crops, Fig. 2b ). Subsurface horizons of the soil profile have high contents of smectitic clay and very low hydraulic conductivities that impede vertical infiltration through the soil profile (Mudgal et al., 2012) . This characteristic limits the soil water holding capacity to the part of the profile above the restrictive layer and limits infiltration rates ( Jiang et al., 2007) . Jiang et al. (2007) and Jung et al. (2007) also showed no significant difference in hydraulic conductivity and soil water content above the claypan and no significant difference in infiltration rates between grain management systems. The only significant differences that could be demonstrated were between grain crop and perennial grass systems.
This has implications for herbicide and fertilizer transport. In a tilled system, these inputs can be incorporated through tillage. However, in a no-till system, they are applied on the ground surface and not incorporated, except for liquid N fertilizer, which can be injected. If runoff from a no-till system is similar to that of a tilled system, losses of dissolved fertilizers and herbicides will probably be greater in the no-till system because of the larger fraction of these chemicals present on the soil surface. Analysis of herbicide transport from the plots (Ghidey et al., 2005; Lerch et al., 2015a ) demonstrated this effect of no-till management on these soils.
Discharge from the Fields
Contrary to the plots, runoff from the field was monitored year-round and each year, not only during the corn phase of the rotation. Comparison of daily discharge per unit area between the tilled (F1) and no-till (F2) fields confirmed no significant difference during the growing season (Fig. 2c) . However, there was a significant difference between runoff from the no-till field F2 and the tilled field F1 during the non-growing season, with discharge per unit area from F2 being 20% less than that of F1 (Fig. 3a) .
Compared with F2, F3 was managed using precision agriculture and produced significantly less discharge per unit ‡ The null hypothesis is that the two data sets belong to the same population. § The two data sets are significantly different at the 0.1 probability level. Fig. 2 . Daily discharge per unit area at plot and field scales for different cropping systems of the Goodwater Creek Experimental Watershed during the growing season (May-October): F1 and CS1 represent a mulch-till corn-soybean system, F2 and CS2 represent a no-till corn-soybean system, CS5 represents a no-till corn-soybean-wheat system with cover crops, and F3 represents a precision no-till corn-soybean system that followed a corn-soybean-wheat system. The dashed line is the 1:1 line.
area during both the growing and non-growing seasons (Table  2 ; Fig. 2d and 3b) . Event discharges per unit area from F3 were 35% less than those from F2 during the non-growing season and 25% less during the growing season. It is counterintuitive to attribute this result to precision agriculture alone. Rather, it is possible that other factors, not specifically taken into account in this study, may have caused this lower surface runoff. Cropping practices differed between the two fields from 1993 to 1996: no-till practices and cover crops had been established in 1993 on F3, while F2 was tilled and did not receive cover crops. In addition, management had differed before 1990 (Kitchen et al., 1997) and that may have had a lasting effect on soil properties. Soil properties may have been a factor as well: F3 had a thinner claypan layer that was closer to the surface with lower clay content than F2 (45 vs. 51% clay). The lower clay content and thinner claypan may have facilitated infiltration through the claypan, thus reducing surface runoff.
Discharge Characteristics at the Watershed Scale
Annual discharge per unit area in the GCEW at Weir 1 varied from a low of 42 mm in 1980 to a high of 860 mm in 2008. From 1972 to 2011, it averaged 310 mm, 32% of the average annual precipitation of 960 mm. Runoff in the GCEW and other MTL watersheds is typical of watersheds that have a dominance of soils with a restrictive layer. In addition to the effect of this layer on infiltration rates and soil water storage, it also reduces the shallow and deep aquifer recharge to that which occurs through preferential flow paths, decayed root channels, and cracks that develop during droughts (Baer and Anderson, 1997) . Percolation through the claypan layer in the absence of cracks is minimal. As a result, runoff consists of a combination of infiltration-excess and saturation-excess runoff, subsurface lateral flow occurs on steeper slopes following saturation of the layers above the restrictive layer, and base flow is limited. During the 1999 to 2008, average annual discharge per unit area for the GCEW and other MTL watersheds varied from 230 mm in Crooked Creek to 343 mm in Goodwater Creek. Base flow separation software applied to daily flow values measured at Weir 1 between 1993 and 2010 showed that base flow accounted for 20% of the stream flow (Baffaut et al., 2015) . Figure 4 compares discharge per unit area from 1997 to 2001 for the three fields, Weir 1, and the Lower Long Branch for which the GCEW is a headwater watershed (Fig. 1) . Soils and land use have similar characteristics in Long Branch and the GCEW (Lerch et al., 2008) . As expected, there were no significant differences in discharge per unit area at Weir 1 and Lower Long Branch (Fig. 4) , which is consistent with previous results of Blanchard and Lerch (2000) .
During 1997 to 2001, the common measurement period at the plot, field, and stream sites, cumulative discharge per unit area at Weir 1 was 1635 mm compared with 1335 mm at F1. The 18% difference is close to the 20% groundwater contribution to stream flow obtained by hydrograph separation on daily values from 1993 to 2010 (Baffaut et al., 2015) . Maximum daily discharge per unit area was between 55 and 70 mm on the fields on 23 Aug. 2000. The peak daily discharges per unit area at Weir 1 and Lower Long Branch for the same event were 46 and 15 mm, respectively, showing the dampening of the peaks caused by contributions from mixed land covers, longer times of concentration, and possibly uneven precipitation over the Long Branch watershed. Across the whole 1970 to 2010 record, the largest event recorded at the stream sites and at F1 was on 25 July 2008. Maximum daily discharge per unit area was 157 mm at F1 and 109 mm at Weir 1, for close to 200 mm of precipitation across the GCEW. Discharge per unit area across the MTL watershed on that day or shortly after were also the maximum values recorded for the 2005 to 2010 period. As expected, these larger drainage areas were not as flashy as Goodwater Creek; the hydrographs for that storm event were longer and had lower maximum daily discharge per unit area values, from 45 to 75 mm. Discharge at the outlet of the Mark Twain River Basin was heavily affected by the operation of the Mark Twain reservoir and cannot be compared with that of the tributaries.
Conclusion
The stream flow and surface runoff data presented here were collected in the GCEW and MTL watershed since 1971 in catchments ranging from large plots to tributaries of MTL, in a hydrologic setting characterized by soils with a restrictive layer 15 to 60 cm below the surface. The data sets collected from the large plots and the fields were used to demonstrate that tillage and the type of grain cropping system did not affect flow during the growing season (May-October), while some differences were detected during the non-growing season.
The data provided the flow information needed to calculate and explain the transport of agricultural inputs off the landscape. In addition, they are useful for the development, parameterization, and testing of plot-, field-, and watershed-scale (a) a mulch-till corn-soybean system (F1) vs. a no-till corn-soybean system (F2), and (b) F2 vs. a precision no-till corn-soybean system (F3) . The dashed line is the 1:1 line.
hydrologic and water quality models, which can then be used to study the long-term effects of management, land use, or climate.
The restrictive layer of smectitic mineralogy imposes unique behaviors, some of which were demonstrated using these data: high potential for surface runoff and lack of effect of row crop system management on runoff quantity. This unique characteristic contrasts this experimental watershed from the other USDA-ARS watersheds that are part of the LTAR network.
